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A B S T R A C T   
The global pig production has undergone major changes over the past 30 years with larger farms, more inten-
sified production as well as improved hygiene and biosecurity practices. To investigate whether these changes, 
along with expanded pig welfare, have had an impact on parasite occurrence, a cross-sectional study was con-
ducted in Sweden on farms where the pigs are always loose-housed, floors are solid and bedding material is 
provided. A total of 1615 faecal samples were collected on 42 conventional indoor farms from a) post-weaning 
piglets (n = 337); b) growers (n = 345); c) fatteners (n = 308); d) dry sows (n = 277) and e) pre-partum sows (n 
= 348). Samples were analysed using centrifugal flotation with a saturated glucose-salt solution and a modified 
McMaster technique, with a lower detection limit of 50 eggs or oocysts per gram. Samples positive for strongyle- 
type eggs were cultured to third stage larvae for genus identification. Farms also responded to a questionnaire 
regarding biosecurity, hygienic measures, and other management routines. Risk factors for parasite occurrence 
were assessed using mixed-effects logistical regression to account for farm-level clustering of samples. Inter-
estingly, the prevalence of Ascaris suum was reduced compared to a similar investigation in the 1980s. In the 
present study A. suum was detected only in 43 % of the herds, with the highest prevalence in pre-partum sows (37 
%) followed by fatteners (25 %). Small sized farms were associated with higher odds of being positive, compared 
to large sized farms (OR = 159.1, P = 0.010). Oesophagostomum spp. were detected in 64 % of the herds and 
again mainly in pre-partum sows (63 %). Trichuris suis was detected in 10 % of the herds but only in <1% of the 
samples. Moreover, Cystoisospora suis and Eimeria spp. were detected on 60 % and 64 % the farms, with the 
highest prevalence in post-weaning piglets and sows, respectively. Anthelmintic drugs (ivermectin or fenben-
dazole) were commonly used and administered mainly to pre-partum sows on 93 % of the farms. Toltrazuril 
against neonatal coccidiosis was administered to piglets on 14 % of the farms. The use of antiparasitic drugs did 
not significantly affect parasite prevalence. Overall, it appears that the altered farming routines with focus on 
improved pig welfare have not solely resulted in a higher occurrence of parasites, most likely due to the adequate 
biosecurity and hygiene practices instituted. Thus, there seems to be no conflict between implementing measures 
to promote pig welfare and adequately control the more pathogenic and economically important parasites.   
1. Introduction 
Gastrointestinal parasites are common in pig herds and previous 
studies have shown that the nematodes Ascaris suum, Oesophagostomum 
spp., and Trichuris suis, as well as the coccidia Cystoisospora suis and 
Eimeria spp. are the most common parasites to be found in pigs (Roep-
storff et al., 1998; Eijck and Borgsteede, 2005; Kochanowski et al., 2017; 
Raue et al., 2017). However, clinical disease is uncommon and mainly 
occurs in piglets infected with C. suis or in growing pigs with heavy 
burdens of T. suis (Beer et al., 1974; Batte et al., 1977; Larsen, 1996). 
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Still the consequences of parasite infections can be extensive where even 
subclinical levels may lead to reduced weight gain, poor feed conversion 
and organ damage caused by the migrating larvae of A. suum which in 
turn may result in condemnations at slaughter (Kipper et al., 2011; 
Vlaminck et al., 2015; Martínez-Pérez et al., 2017). Gastrointestinal 
parasites may hence have negative effects on animal welfare as well as 
on the sustainability and productivity of the farms. 
The global pig production has undergone several changes over the 
past 30 years. The number of farms has declined but the herds have 
gradually turned larger with more intensified production systems. Often 
the subsequent positive result is improved hygiene and biosecurity 
practices (Maes et al., 2020; Alarcón et al., 2021). Increased biosecurity 
measures may reduce the risk of pathogens, and larger pig herds have 
indeed been found to have a lower prevalence of gastrointestinal para-
sites as compared to small ones (Roepstorff and Jorsal, 1989, 1990; 
Kochanowski et al., 2017). 
However, many factors influence the parasite prevalence in pig 
herds, such as the type of flooring, the use of bedding material and the 
wear of the housing facilities (Roepstorff and Jorsal, 1990; Joachim 
et al., 2001; Sanchez-Vazquez et al., 2010; Kochanowski et al., 2017; 
Martínez-Pérez et al., 2017). Bearing this in mind, Sweden may be of 
general interest as the form of pig production differ from other countries 
in many ways. Following a new animal welfare law, implemented in 
1989, Sweden now has one of the strictest animal welfare laws in the 
world. Pigs are to always be loose-housed, including sows throughout 
the entire reproductive cycle and during suckling. Manipulative rooting 
material must be provided to all pigs, fully slatted floors are not allowed 
and weaning before 28 days of age is not the routine (SJV, 2018, 2019). 
Dry sows are often group-housed on deep litter straw beds (Einarsson 
et al., 2014). These more animal welfare-friendly management practices 
may however favour survival and transmission of gastrointestinal par-
asites (Roepstorff and Jorsal, 1990; Dangolla et al., 1996; San-
chez-Vazquez et al., 2010; Haugegaard, 2010; Maes et al., 2016; 
Kochanowski et al., 2017; Martínez-Pérez et al., 2017). Parasite control 
in pig herds is achieved through a combination of strategic management 
routines and the use of antiparasitic drugs (Roepstorff and Jorsal, 1990). 
In Sweden the two anthelmintic substances fenbendazole and iver-
mectin, as well as toltrazuril for the treatment of neonatal coccidiosis, 
are registered for the use in pigs (Swedish Medical Products Agency, 
2021). 
The global trend towards fewer but larger herds has also been 
evident in Sweden. Today there are approximately 1150 registered pig 
producers in Sweden, compared to around 14,000 in the 1980s (SJV, 
2020) when the previous large survey of parasites in conventional pigs 
was carried out (Roepstorff et al., 1998). The trend towards larger herds 
is further elucidated by the fact that 85 % of the total number of sows are 
found on 26 % of the farms (SJV, 2020). However, updated knowledge 
of parasite occurrence in pigs is lacking, not only in Sweden but in 
general. As the consequences of increased herd sizes and the increased 
animal welfare requirements ought to be of a general interest, the aim of 
this study was to do a cross-sectional study investigating the prevalence 
of gastrointestinal parasites in conventional Swedish pig herds, as well 
as to explore possible risk factors for parasite occurrence. 
2. Material and methods 
2.1. Study population 
A total of 42 pig herds were included in the study. The sample size 
was calculated based on an expected prevalence of 40 %, and 95 % 
confidence of achieving a desired precision of 15 % using Epitools 
Epidemiological Calculators (www.epitools.ausvet.com.au, 2018). In an 
infinite population, the estimated sample size was a minimum of 41 
farms. The farms were selected from a concurrent questionnaire study 
(Pettersson et al., 2021) where farmers could indicate an interest to 
participate. Only conventional farms were included in this study in order 
to be able to identify possible risk factors in the most practiced pro-
duction type. Organic farms were hence excluded due to having very 
different rearing systems and requirements. 
2.2. Management routines 
Management routines were documented in an online questionnaire 
that was designed and distributed using Questback Essentials (Quest-
back Sweden Ltd, Stockholm, Sweden). The questionnaire included 30 
questions regarding husbandry, hygiene and biosecurity routines, the 
use of antiparasitic drugs, herd health and slaughter notifications. 
Collected data were handled in accordance with the General Data Pro-
tection Regulation (GDPR) (https://eur-lex.europa.eu/eli/reg/2016/ 
679/oj). 
2.3. Sample collections 
A total of 1615 faecal samples were collected from the following age 
categories on all farms, when present: a) post-weaning piglets aged 5–6 
weeks (n = 337); b) growers aged 6–12 weeks (n = 345); c) fatteners 
aged 13–24 weeks (n = 308); d) dry sows (n = 277) and e) pre-partum 
sows (n = 348). Pre-partum sows were sampled individually and from 
the other age categories, between five and ten sub-samples from the pen 
floors were collected and pooled into one collective sample per pen. 
Sampling was conducted by the farmers according to supplied written 
instructions. The faecal samples were refrigerated in marked airtight 
plastic bags and sent via mail to the National Veterinary Institute (SVA) 
of Sweden. The samples were kept at room temperature during transport 
(<24 h) but were refrigerated upon arrival and until analysis no longer 
than ten days after sampling. None of the sampled pigs had been treated 
with anthelmintic drugs during the past eight weeks. Samples were 
collected from 2018 to 2020, in all seasons of the year. However, as all 
herds were solely indoors this will thus not influence the results. 
2.4. Faecal analysis 
Faecal sample analysis was carried out using centrifugal flotation 
with a saturated glucose-salt solution (specific gravity 1.300) based on 3 
g of faeces. Care was taken to include material from several parts of the 
sample. Nematode eggs and coccidian oocysts were counted separately 
using a modified McMaster technique, with the lower detection limit of 
50 eggs or oocysts per gram (EPG/OPG) of faeces (Coles et al., 1992). All 
samples positive for strongyle-type eggs were cultured at moist condi-
tions to third stage larvae (L3) for genus identification. Cultured larvae 
were recovered in accordance with Roberts and O’Sullivan (Roberts and 
O’Sullivan, 1950) and identified based on morphology criteria as pre-
viously described (Thienpont et al., 1979). If coccidian oocysts could not 
be identified to genus, sporulation was done using 2 % potassium 
dichromate. 
2.5. Data analysis 
Data were handled in Microsoft Excel and figures were made using 
Prisma GraphPad Version 8.4.2 (GraphPad Software, La Jolla California 
USA). Whenever descriptive data are presented as percentages, they 
have been calculated based on the number of farms where the question 
was applicable. 
The associations between potential specific risk factors, or protective 
factors, and the presence of different parasite genera were investigated 
using logistical regression. Each age-category sampled per farm was 
considered as one observation. When multiple samples were available in 
the same age-category per farm, the observation (age group-farm) was 
considered positive if at least one sample was positive. 
Variables significant in the univariable analysis, using a significance 
level of 20 %, were included in a multivariable model. The causal dia-
gram presented in Fig. 1 was considered, where each of the variables 
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from the questionnaire represent the biosecurity/management practices 
measured (independent variables). A final fixed-effect model was sought 
for each parasite using stepwise selection, dropping the least significant 
variables, and testing the remaining coefficients for confounding effects. 
A confounding effect was assumed to be present if coefficients of the 
variables retained changed more than 20 % upon excluding the potential 
confounder. 
Unobserved or unmeasured general biosecurity measures on a farm 
may be correlated to type and size of the herds, e.g., large farms may 
have improved biosecurity practices compared to small farms and may 
represent potential confounder pathways (Fig. 1). For this reason, farm 
size and farm type were always initially included in the models and 
evaluated for potential confounding effects. Age category was retained 
in all models. Age categories in which only negative samples were found 
for a specific parasite, were dropped from the model. A 95 % confidence 
level for retaining variables was used. The final chosen fixed-effects 
model was then compared to a mixed-effects logistic model in which 
farm was included as a random variable to account for the effect of in-
dividual farm variance on repeated samples within farm, retaining all 
the same variables. Following correction for the within-farm variance, 
odds ratios (OR) were calculated within cluster as a fixed effect and 
averaged at the population level. Results were considered significant if P 
< 0.05. 
The statistical analyses were performed in the statistical program-
ming environment R, version 4.0.3 (R Core Team, 2020), the 
mixed-effect models were fitted using the package lme4 (Bates et al., 
2014). Final models were subjected to goodness-of-fit tests and analysis 
of residuals. Confidence intervals for the odds ratio were calculated 
using the profile method (Stryhn and Christensen, 2003). 
3. Results 
3.1. Study population 
Out of the 42 farms, 71 % were one-site production farms and 29 % 
part of multisite production systems. Of the total number of farms, 57 % 
were farrow-to-finish farms, 36 % specialised piglet producers, 5% 
specialised fattener producers and 2% had dry sows only. 
The farms were grouped into three categories based on size; a) small 
herds (7%) with less than 100 sows, corresponding to less than 220 
annual farrowings in a multi-site production system, or produced less 
than 5000 fatteners per year; b) medium herds (64 %) with 100–400 
sows, corresponding to 220–880 annual farrowings in a multi-site pro-
duction system or produced 5,001–10,000 fatteners per year; c) large 
herds (29 %) with more than 400 sows, corresponding to more than 880 
annual farrowings in a multi-site production system or produced more 
than 10,000 fatteners per year (29 %). Two of the herds (5%) were 
specific pathogen free (SPF) farms. 
3.2. Management routines 
The response rate for the questionnaire was 95 %. All responding 
farms had indoor conventional production and no farm provided out-
door access. Conventional pens, with a minimum of 70 % solid flooring 
and bedding material, were used on 84 %, 81 % and 96 % of the farms in 
the farrowing, grower, and fattening units, respectively. Farrow-to- 
grower pens were used on 16 % of the farms and 3% also used multi- 
litter pens for the growers, where pigs from several different litters 
were mixed. Deep litter straw pens were used for fatteners on 4% of the 
farms and for dry sows on 74 % (Table 1). 
Piglets were weaned at four to five weeks of age on 81 % of the farms 
and at five to six weeks of age on 19 % of the farms. High-dosed zinc 
oxide (2500 ppm) was used often or always at weaning on 52 % of the 
Fig. 1. Causal diagram showing the possible relationships be-
tween different variables that may influence the parasite 
prevalence in the investigated groups of pigs. Age of the pig 
will influence the prevalence of certain parasite genera due to 
biological reasons. Farm size (i.e., small, medium, or large) and 
farm type (i.e., conventional farms or specific pathogen free 
farms) will likely influence the overall (unmeasured) bio-
security practices on the farms. The causal diagram was 
generated in DAGitty (Textor et al., 2016).   
Table 1 
General housing and management practices reported by 40 Swedish conven-
tional pig farms surveyed by a questionnaire.  
Housing practices Farrowing 





units n = 24 
Dry sow 
units n = 38  
n % n % n % n % 
Pen type         
Conventional* 31 84 30 81 23 96 13 34 
Farrow-to-grower 6 16 6 16 0 0 0 0 
Multi-litter** 0 0 1 3 0 0 0 0 
Deep litter straw 0 0 0 0 1 4 28 74  
Bedding material         
Straw 35 95 32 86 24 100 34 89 
Peat 16 43 7 19 1 4 0 0 
Wood shavings 19 51 18 49 12 50 3 8 
Unknown 0 0 0 0 0 0 1 3  
Feed         
Dry n/a n/a 9 24 3 13 9 24 
Liquid n/a n/a 10 27 20 83 23 60 
Liquid and dry n/a n/a 18 49 1 4 6 16 
Some questions had multiple options, why the total response rate could be more 
than 100 %. 
n/a: Not applicable. 
* Conventional pens in the Swedish context, with a maximum of 30 % slatted 
floor and a requirement of bedding/rooting material. 
** Multi-litter pens refer to pens where pigs from several different litters are 
housed together. 
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farms to prevent post-weaning diarrhoea. Following weaning, the pig-
lets remained in the farrowing pens until transfer to the fattening units 
on 19 % of the farms. On 76 % of the farms the piglets were moved to a 
grower unit at weaning and on 5% of the farms the weaners were 
transferred to a grower unit 14 days post weaning. 
The piglets were sold or transferred to fattening units at a weight of 
less than 30 kg on 19 % of the farms and when heavier than 30 kg on 81 
% of the farms. The average slaughter weight of the fatteners was 80− 90 
kg (106− 120 kg live weight) on 43 % of the farms and 91− 96 kg 
(121− 130 kg live weight) on 57 % of the farms. Batch-wise, age- 
segregated rearing was always practiced in the farrowing units on 95 % 
of the farms, in the grower units on 92 %, and in the fattening units on 88 
% of the farms (Table 2). General housing practices are presented in 
Table 1 and biosecurity practices in Table 2. Farms used a selection of 
different disinfectants and only one farm reported to use a substance 
(cresol-based product) effective against coccidian oocysts and nematode 
eggs (results not shown). 
Regular faecal analysis for parasites was not carried out on any farm, 
but 13 % of the farms performed parasite analysis sporadically. 
Anthelmintic drugs (fenbendazole or ivermectin) were used on 93 % of 
the farms and 58 % treated either more than one age category of pigs or 
sows at more than one stage of the production cycle (Fig. 2). One sat-
ellite farm from a multisite production system and the two specialised 
fattening farms did not use any anthelmintic drugs at all. Toltrazuril for 
treatment against neonatal coccidiosis, was administered to piglets on 
14 % of the farms that produced piglets (Fig. 2). Treatment with iver-
mectin, twice or more per year, specifically for sarcoptic mange, was 
carried out on 5% of the farms. 
The average percentages of white spot liver lesions and pneumonic 
lung lesions, as had been registered at slaughter over the last 12 months, 
were reported by the farms that produced fatteners (Fig. 3). Diarrhoea 
was reported to occur in most, or all batches of piglets prior to weaning 
on 36 % of the farms, in piglets at weaning on 21 %, in growers on 11 % 
and in fatteners on 4 % of the farms. No farm reported diarrhoea to occur 
often or always in adult animals. 
3.3. Sample collection and faecal analysis 
The study included 42 farms, but all age categories were not present 
in all herds, and from some farms, samples were supplied from age 
categories that were not normally produced. In total, samples from post- 
weaning piglets and pre-partum sows were collected at 35 farms, from 
growers at 36 farms, from fatteners at 32 farms and samples from dry 
sows at 29 farms. 
Overall, A. suum was detected on 43 % of the farms and in 5% of the 
total number of samples and Oesophagostomum spp. on 64 % of the farms 
and in 19 % of the total samples. The corresponding figures for T. suis 
were 10 % of the farms and <1% of the samples. Eimeria spp. were 
detected on 64 % of the farms and in 9% of the samples, whereas C. suis 
was detected on 60 % of the farms and in 5% of the total amount of 
samples. The results obtained are grouped by age category in Table 3. 
For A. suum the FEC ranged from 50− 8,250 EPG, for Oesophagostomum 
spp. the range was 50− 8,550 EPG and for T. suis it was 50–250 EPG. The 
faecal oocyst count for Eimeria spp. ranged from 50 to 218,300 OPG, and 
for C. suis the range was 50− 20,300 OPG. The distributions of faecal 
EPG/OPG are shown in Figs. 4 and 5. 
3.4. Risk factor analysis 
The final logistic regression models for each parasite are presented in 
Table 4. As farm-level variance was generally high, only the results of 
the hierarchical model (accounting for farm-level clustering of obser-
vations) are presented. Age was always a significant predictor of parasite 
presence in faecal samples. As age was retained in every model, age 
categories in which all samples were negative could not be included in 
the individual models. This caused exclusion of post-weaning piglets in 
the model for A. suum, as well as post-weaning piglets, growers, and 
fatteners in the T. suis model. In the C. suis model only post-weaning 
piglets, growers and fatteners had positive samples, with the majority 
concentrated in the post-weaning piglets. As a result, dry sows and pre- 
partum sows had to be excluded from the model, resulting in a small 
number of observations, and an impossibility of assessing any age 
category effect. In all models, few management factors remained as 
significant predictors for the risk of positive faecal samples. Strict batch- 
wise production was shown to be a protective factor i.e., associated with 
lower odds of the samples being positive for T. suis. Small-sized farms 
were however associated with higher odds of the samples being positive 
for A. suum, compared to large-sized farms (Table 4). The use of anti-
parasitic drugs did not have a significant impact on the parasite preva-
lence in any herd, and overall few specific measured factors were shown 
to be statistically significant. This became even more apparent when the 
effect of intra-farm clustering was explicitly accounted for. All models 
(except C. suis) showed a very high intra-farm variance, which resulted 
in the high Intra Cluster Covariation (ICC) values reported in Table 4, 
which shows that, for most of the models, more than 50 % of the vari-
ability observed could be explained by farm-level effects rather than 
differences in the management practices investigated. The only excep-
tion was the model for C. suis, where the small number of age categories 
retained resulted in a smaller number of observations per farm, which 
explained the small ICC. 
As much of the variability was explained by farm-level effects, the 
number of observations was reduced to 42, i.e., the number of sampled 
herds, and many of the predictors retained in the models were not sig-
nificant once clustering per farm was explicitly accounted for (Table 4). 
This also resulted in wide confidence intervals. The ICC were used to 
adjust the farm-level fixed effects calculated, and to report population 
average OR. Population-average OR represents the increase (or 
decrease) in odds for a hypothetical average farm in the population 
investigated. The population-average OR were similar to the numerical 
results observed in fixed-effect models in which farm clustering was not 
accounted for (results not shown). In practical terms, however, it may be 
more interesting to observe the effect of measures within farm. 
4. Discussion 
This is the first larger study on the prevalence of gastrointestinal 
parasites and associated risk factors for infection in conventional 
Swedish pig herds since the 1980s. Since the last extensive national 
prevalence studies (Nilsson, 1982; Roepstorff et al., 1998), major 
changes in husbandry and management have occurred in the now much 
intensified global pig production (Maes et al., 2020). A subsequent result 
has been improved biosecurity and hygiene measures, often with a 
subsequent decrease in parasite occurrence (Roepstorff and Jorsal, 
1989, 1990; Kochanowski et al., 2017; Maes et al., 2020). At the same 
time, the prevalence of gastrointestinal parasites in Sweden could be 
Table 2 
Biosecurity practices reported by 40 Swedish conventional pig farms surveyed 
by a questionnaire.  









Dry sow units 
n = 28 (d), 
13 (c)  
n % n % n % n % 
Batch production 35 95 34 92 21 88 n/a n/a 
Cleaning between each 
batch 
31 84 34 92 17 77 1, 1 4, 8 
Disinfection between 
each batch 
25 68 27 73 10 42 2, 1 7, 8 
Down time >4 days 
between each batch 




d: Deep litter straw beds, c: Conventional pens with limited bedding material. 
n/a: Not applicable. 
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presumed to be higher than in other countries due to the requirements of 
solid floors and the access to rooting material to promote the welfare of 
the pigs. However, it was evident from our results that this was not the 
case for all parasites. We consider these findings interesting not only 
from a national perspective, but also for the wider international com-
munity as an example of parasite occurrence in pig farms with high 
requirements on animal welfare. 
One of the major findings was the reduced prevalence of A. suum in 
fatteners, compared to when this was last investigated 30 years ago. On 
a sample level, only 9% of the sampled pens were positive for A. suum 
compared to 35 % in the 1980s (Roepstorff et al., 1998). On a herd level, 
fatteners on 25 % of the sampled farms were positive for A. suum which 
also was lower than in the 1980s when almost 50 % were positive 
(Nilsson, 1982). The age group with the highest prevalence of A. suum 
was the pre-partum sows with 37 % of the herds and 9% of the samples 
being positive. On a sample level, those results are similar to what was 
found 30 years ago when the corresponding figure was 8% (Roepstorff 
et al., 1998). A plausible explanation for the reduced prevalence of 
A. suum in fatteners is the common practice of age-segregated batch-wise 
rearing. Batch-wise production has gradually been implemented in 
Sweden over the past 30 years, as an initial response to the ban of growth 
promoting antibiotics (Wallgren, 2009). Persistent contamination of the 
environment is the major source of A. suum eggs to new hosts (Nilsson, 
1982). Adequate cleaning, disinfection and drying of the pens, prior to 
the arrival of new animals are thus essential measures to prevent 
contamination of the pens. This can only be achieved with batch-wise 
production and is in agreement with previous studies (Nilsson, 1982; 
Joachim et al., 2001; Kochanowski et al., 2017). Still, batch-wise pro-
duction could not be identified as a specific significant protective factor 
for A. suum infections in the present study, possibly due to this being so 
commonly practiced. However, small farms had a higher risk of being 
Fig. 2. The use of antiparasitic drugs, reported by the surveyed Swedish pig farms (number of farms with piglets and growers = 37, with fatteners = 24, with adult 
sows and replacement animals = 38), shown by age category and stage of production. 
Fig. 3. The percentage of white spot lesions on the liver and pneumonic lung 
lesions registered at slaughter, over the past one year in the 24 herds rearing 
fatteners. Two farms (8%) reported to not know the percentage of lung lesions 
(not included in the figure). 
NB. The cause of the lesions was not stated, and hence parasitic origin could not 
be confirmed. 
Table 3 
Results from the faecal analysis of pigs of five different age categories, or stages 
of production collected from 42 Swedish pig farms (post-weaning piglets n = 35 
farms, 337 samples, growers n = 36 farms, 345 samples, fatteners n = 32 farms, 
308 samples, dry sows n = 29 farms, 277 samples, pre-partum sows n = 35 
farms, 348 samples).  
Parasite Age category Positive herds Positive samples   
n % n % 
Ascaris suum       
Post-weaning piglets 0 0 0 0  
Growers 2 6 3 1  
Fatteners 8 25 27 9  
Dry sows 7 24 23 8  
Pre-partum sows 13 37 32 9  
Oesophagostomum spp.      
Post-weaning piglets 6 17 12 4  
Growers 7 19 18 5  
Fatteners 8 25 20 7  
Dry sows 18 62 111 40  
Pre-partum sows 22 63 141 41  
Trichuris suis       
Post-weaning piglets 0 0 0 0  
Growers 0 0 0 0  
Fatteners 0 0 0 0  
Dry sows 3 10 7 3  
Pre-partum sows 3 9 6 2  
Eimeria spp.       
Post-weaning piglets 3 9 7 2  
Growers 5 14 9 3  
Fatteners 6 19 7 2  
Dry sows 13 45 50 18  
Pre-partum sows 17 49 76 22  
Cystoisospora suis      
Post-weaning piglets 21 60 67 20  
Growers 8 22 16 5  
Fatteners 1 3 1 0.3  
Dry sows 0 0 0 0  
Pre-partum sows 0 0 0 0  
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positive compared to large farms. As large-sized farms are likely to have 
superior overall hygiene and biosecurity practices compared to smaller 
farms, our results were not surprising and in line with previous studies 
(Roepstorff and Jorsal, 1989, 1990; Kochanowski et al., 2017). 
Oesophagostomum spp. were the most prevalent parasites in this 
study, with 64 % of the herds and 19 % of the total number of samples 
being positive. Adult animals tend to have the highest prevalence due to 
the weak immunity evoked by an infection (Murrell, 1986; Roepstorff 
and Jorsal, 1989), and this was also evident in the present study. The 
highest prevalence was found in pre-partum sows where 63 % of the 
herds and 41 % of the samples were positive. This is a marked contrast to 
the previous national study where 23 % of the samples from lactating 
sows and 30 % of the samples from dry sows were positive (Roepstorff 
et al., 1998). Our results also contrasted to findings from Denmark 
where sows on only 15 % of the examined farms were positive (Hau-
gegaard, 2010) and from the Netherlands where corresponding figure 
was 22.2 % (Eijck and Borgsteede, 2005). However, our results were 
more in line with a more recent Polish study where Oesophagostomum 
spp. were found to overall be the most prevalent gastrointestinal para-
site, and where the sows were infected on 60 % of the farms (Kocha-
nowski et al., 2017). Very few of the farms in the present study practiced 
regular cleaning, disinfection, or a downtime period of more than four 
days between batches in the dry sow units, which may explain the high 
prevalence of Oesophagostomum spp. A likely reason for the reduced 
hygiene measures in these units, compared to the farrowing, grower, 
and fattening units, is that sows of different farrowing groups were 
housed together, creating a continuous production system. This in turn 
limits the ability of proper hygiene practices, larvae of Oesophagostomum 
spp. can accumulate in the environment and a subsequent continuous 
parasite transmission system is created. The low prevalence of 4–7 % in 
post-weaning piglets, growers and fatteners was almost identical to what 
was found in Sweden 30 years ago (Roepstorff et al., 1998). 
Trichuris suis was rarely diagnosed in this study. Overall, it was only 
detected on 10 % of the farms and in <1% of the total amount of sam-
ples, all from adult sows. This was consistent with not only previous 
findings from Sweden, but also from other European countries, where 
T. suis was uncommon in conventional pig herds (Roepstorff et al., 1998; 
Joachim et al., 2001; Eijck and Borgsteede, 2005; Haugegaard, 2010). 
The faecal egg counts were also low, ranging between 50 and 250 EPG, 
where some may be considered false positives caused by ingestion of 
non-infective eggs due to coprophagia (Boes et al., 1998). 
Infections with C. suis, an important cause of diarrhoea in suckling 
piglets, tend to mainly be detected at eight to ten days of age, but older 
piglets may also be affected (Stuart et al., 1980; Joachim and Schwarz, 
2014; Pettersson et al., 2019). In the present study oocysts from C. suis 
were detected on 60 % of the farms and in 20 % of the samples, mainly in 
the age group of newly weaned piglets. Pre-weaned piglets were not 
included in this study, but the result herein resembled a previous 
Fig. 4. Faecal egg counts from samples collected from pigs of five different age categories, or stages of production, on 42 Swedish pig farms. 
NB. The scale on the y-axis is different for Trichuris suis compared to Ascaris suum and Oesophagostomum spp. 
The dashed line indicates the mean, and the dotted lines the first and the third quartiles. 
Fig. 5. Faecal oocyst counts from samples 
collected from pigs of five different age cate-
gories, or stages of production, on 42 Swedish 
pig farms. For ease of visualisation, for C. suis 
four outliers (OPG 20,300, 6,250, 5550 and 
3100) were removed from the category post- 
weaned piglets and for Eimeria spp. two out-
liers (OPG 218,300 and 103,200) were removed 
from the category dry sows. 
NB. The scale on the y-axis is different for 
Eimeria spp. compared to C. suis. 
The dashed line indicates the mean, and the 
dotted lines the first and the third quartiles.   
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Swedish study where the herd prevalence of C. suis was 58 % at two 
weeks of age and 50 % at four weeks of age (Pettersson et al., 2019). 
Residual oocysts in the farrowing pens are a main source of infection for 
new piglets, addressing the importance of hygienic measures in the 
farrowing units (Sotiraki et al., 2007; Langkjaer and Roepstorff, 2008). 
Overall hygiene measures were good in the farrowing units, as cleaning 
and disinfection between each new batch of piglets was commonly 
practiced, however it should be noted that only one farm reported to use 
a disinfectant effective against coccidian oocysts. 
Eimeria spp. were found in 64 % of the herds and mainly in samples 
from adult sows, although this parasite was occasionally also detected in 
the other age categories. Although infections are usually subclinical, 
heavy burdens may cause gastrointestinal signs such as diarrhoea in 
younger animals, and poor hygiene is known to be associated with heavy 
infections (Karamon et al., 2007; Joachim and Schwarz, 2014). 
The red stomach worm, Hyostrongylus rubidus was not detected in any 
of the samples in the current study. This was not surprising as this 
parasite tend to mainly be found in outdoor herds (Nilsson, 1982; 
Murrell, 1986). Single eggs that may have been from Strongyloides ran-
somi were detected in five samples, but it could not be excluded that 
these were eggs of free-living nematodes. However, there was also a 
possibility that S. ransomi and Oesophagostomum spp. were under-
diagnosed, as the samples were kept in room temperature during the 
transportation, and false negative results cannot be excluded due to 
hatching of the eggs. 
All but one of the sow holdings sampled in this study used anthel-
mintics regularly, and the majority (82 %) administered either iver-
mectin (11 %) or fenbendazole (82 %) prior to farrowing. The use of 
anthelmintics has increased compared to when this was last investigated 
in the 1980s when only approximately 18 % of the farms used anthel-
mintics on a regular basis (Nilsson, 1982). It was also evident that the 
anthelmintics were used by routine, as regular faecal analysis for para-
sites was not carried out by any farm. Toltrazuril was used as prophy-
lactic treatment for C. suis on 14 % of the farms that raised piglets, which 
was in line with previous reports (Pettersson et al., 2019, 2021). We 
were not able to identify any significant impact of the use of antipara-
sitic drugs on the parasite prevalence in any of the sampled herds, likely 
due to the frequent usage of these drugs. The routine use of antiparasitic 
drugs does however carry a risk, given the escalating problem with 
anthelmintic resistance in nematode parasites found in livestock 
(Wolstenholme et al., 2004; Sangster et al., 2018). Nematodes of pigs are 
not exempt and there are reports of reduced efficacy to the major 
anthelmintic drugs the in porcine Oesophagostomum spp. (Roepstorff 
et al., 1987; Bjørn et al., 1990; Gerwert et al., 2002; Macrelli et al., 
2019). Recently a reduced efficacy of toltrazuril on C. suis has also been 
identified (Shrestha et al., 2017) and it is hence evident that the routine 
use of antiparasitic drugs in pig herds ought to be re-evaluated and that 
drug efficacy should be monitored as part of the strategies into preser-
ving antiparasitic efficacy of the available substances. 
Effective parasite control in a pig herd is however achieved using 
antiparasitic drugs in combination with various strategic hygiene and 
biosecurity measures (Nilsson, 1982; Roepstorff and Jorsal, 1990; 
Roepstorff, 1997). In the multivariable regression analysis, we were only 
able to identify two single significant management practices influencing 
the risk of parasite infection in any direction. Farm size impacted the 
prevalence of A. suum and strict batch-wise production reduced the risk 
of T. suis. The few specific measured factors shown to be statistically 
significant was likely due to a small number of observations, a low 
percentage of positive samples and the similar management routines 
practiced in most herds. It was evident that more than 50 % of the 
observed variability in the faecal analysis results could be explained by 
farm-level effects, with the exception of the results for C. suis, further 
reducing the number of observations as only 42 farms were sampled. 
The conclusion from this was that the overall parasite load on a farm will 
have a large impact on the parasite prevalence in the various age groups. 
Thus, a holistic approach, addressing general biosecurity and hygiene 
measures, as well as strategic use of antiparasitic drugs, needs to be 
considered when controlling and preventing gastrointestinal parasites. 
5. Conclusion 
Overall, it appears that the altered farming routines with focus on 
improved pig welfare have not solely resulted in more parasites, most 
likely because adequate biosecurity and hygiene practices have been 
instituted at the same time. Thus, there seems to be no conflict between 
promoting measures to improve pig welfare and adequately control the 
more pathogenic and economically important parasites. 
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Table 4 
Multivariable regression analysis of risk factors associated with gastrointestinal 
parasite infections in 40 Swedish pig herds. All presented models are hierar-
chical with random farm-level effects and fixed-effects estimated for the vari-
ables of the questionnaire.   
Odds ratio   




P-value 95 % CI (fixed 
effects) 
Ascaris suum (n = 127) ICC* = 48.7 %   
Age   <0.001  
Growers Reference   
Fatteners 13.6 6.11 1.14 – 162.56 
Dry sows 13.4 6.05 1.04 – 173.71 
Pre-partum sows 48.3 14.72 3.68 – 635. 29 
Farm size   0.010  
Large sized farm Reference   
Medium sized farm 6.3 3.59 0.79 – 50.42 
Small sized farm 159.1 33.62 2.34 – 
10826.80 
Disinfection between 
each new batch 0.5 0.61 0.384 0.10 – 2.46 
Oesophagostomum spp. 
(n = 160) ICC* = 69.0 %   
Age   <0.001  
Post-weaning piglets Reference   
Growers 4.6 2.3 0.56 – 38.33 
Fatteners 2.4 1.6 0.21 – 26.66 
Dry sows 287.2 20.3 
1.15 – 
71517.05 
Pre-partum sows 180.2 15.9 4.02 – 8071.74 
Strict batch production 0.004 0.05 0.080 0.00 – 1.97 
Peat bedding 4.9 2.3 0.117 0.67 – 35.97 
Cleaning before each 
new batch 
0.2 0.4 0.212 0.02 – 2.37 
Trichuris suis (n = 63) ICC* = 99.9 %   
Strict batch production 0.04 0.90 0.024 0.038− 0.039 
Eimeria spp. (n = 160) ICC* = 96.6 %   
Age   <0.001  
Post-weaning piglets Reference   
Growers 2.9 1.2 0.27 – 31.39 









13.42 – 8.33 ×
109 
Cleaning before each 
new batch 
1.1 1.0 0.961 0.02 – 55.60 
Cystoisospora suis (n =
76) 
ICC* = 6.09 %   
Age   0.004  
Post-weaning piglets Reference   
Growers 0.1 0.1 0.03 – 0.53 
Disinfection before 
each new batch 
0.3 0.3 0.084 0.08 – 1.17 
ICC = Intra Cluster Covariation. 
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